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1
Introduction
In the RAN1 Adhoc meeting, it was agreed that 

“LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH

· FFS on the starting/ending OFDM symbols of the PDSCH

Previously it was also agreed in RAN1 #80 that 

· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following

· AGC setting

· Channel reservation

· Note: Transmission of the signal(s) may not be required 

· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following

· Detection of the LAA downlink transmission (including cell identification)

· Time & frequency synchronization

· Other functionalities if necessary

· Note that it is not precluded the same signal is used for all above and possibly other functions
· The above functionalities can be supported by other methods (including assistance from licensed carrier)

 In this document, we discuss the design of the reservation signal for LAA.
2
Reservation Signal Design
If the PDSCH or (E)PDCCH in a given subframe can start only at a subset of OFDM symbols, the eNB has to occupy the channel from the instance of CCA success to a valid start OFDM symbol. Thus, the reservation signal may include a fractional part which is less than one OFDM symbol in duration and an integral part which may span multiple OFDM symbols. 
Figure 1 shows an example of the reservation signal occupying the channel until the next valid data start position in a subframe. The example shows 4 possible start locations for a valid partial subframe (OFDM symbol 0, 4, 7 and 10). The eNB obtains the channel in the middle of symbol 1 and occupies the channel using the reservation signal until symbol 4 when the control and data transmission can start. 
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Figure 1: Reservation Signal and PDSCH/Control in a partial subframe

The UE monitors the channel for the eNB reservation signal one symbol ahead of the valid start positions to determine whether its serving eNB has obtained channel access. In this example, the UE monitors OFDM symbols 13 (of previous subframe), 3, 6 and 9 to determine if its serving eNB occupied the channel.
2.1
Minimum duration of transmission of reservation signal
To reliably detect start of eNB transmission at the UE with minimal false alarm, the reservation signal has to be guaranteed to have a minimum duration. For example, if the channel access is obtained very close to a valid PDSCH start position, the eNB may transmit the reservation signal until the next valid PDSCH position to enable the UE to detect the start reliably.
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Figure 2: Showing eNB behavior when channel access is obtained very close to valid start OFDM symbol. eNB extends the reservation signal until the next valid start position
2.2
Reservation signal design
The reservation signal in addition to reserving the channel and support UE AGC setting, should support other functionalities such as cell identification and time/frequency synchronization.

One candidate reservation signal which allows all the above functionalities is a 2 port CRS signal on each full OFDM symbol with a different location/sequence when compared to the regular CRS. This CRS signal can be power boosted so that the reservation signal and the subsequent data are transmitted at the same power. 

The CRS signal has sufficient density to occupy the channel satisfying the 80% bandwidth occupancy rule, and allows for fine time and frequency synchronization which can be used for data demodulation. 

The CRS vshift and sequence generation can be a function of cell ID, PLMN ID and the OFDM symbol number. This allows easy identification of the eNB which occupied the channel. 
The fractional part of the reservation signal should be scrambled/modulated differently than the full OFDM symbol based reservation signal to reduce the probability of misdetection of start position at the UE (as can happen in Figure 2).

In addition, the CRS can provide a demodulation reference for any information carrying signal which is transmitted along with the reservation signal. For example, such an information carrying signal can be modelled on the lines of the PCFICH and carry a few bits indicating the DL-UL configuration.
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Conclusions 

In this document, we discuss the design of the reservation signal for LAA and propose that the reservation signal can be based on CRS to provide functionalities such as cell identification and fine time/frequency estimation.
Proposal:
1. Reservation signal spanning one full OFDM symbol should be based on CRS.

2. Shift and sequence generation of CRS is a function of cell ID, PLMN ID and OFDM symbol number

3. Provides a demodulation reference for any information transmitted in the reservation signal
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